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7KH GHVLJQ FRQVWUDLQWV RI VWHULOLW\ PDLQWDLQLQJ WKH LQWHJULW\ RI WKH &(//YR 0DWUL[
UHPDLQLQJ ZLWKLQ WKH SURYLGHG EXGJHW DQG WKH DYDLODEOH VSDFH IRU WKH ILQDO SURFHVV ZHUH DOO
VDWLVILHGWKURXJKRXUGHVLJQVROXWLRQ7KHVWHULOLW\FRQVWUDLQWLVVDWLVILHGZLWKWKHXVHRIRQHRIWKH








WKURXJK WKH WKUHH VXEV\VWHPV¶ DELOLWLHV WR VSHFLILFDOO\ ILW 7 IODVNV 7KH OLTXLG QHWZRUN




DQG VWHULOL]HG DQG WKH TXDQWLW\ SURGXFHG FDQ EH VFDOHG WR DFFRPPRGDWH WKH YDULRXV VL]HV RI
PDQXIDFWXULQJUXQV6LQFHRXUILQDOVROXWLRQGLGQRWDOWHUWKHIRXQGDWLRQRIWKHGHFHOOXODUL]DWLRQ
SURFHVVZHPDLQWDLQ WKH DVVXPSWLRQ WKDW RXU VXEV\VWHPV DUH FDSDEOH RI SURGXFLQJ D XQLIRUP
SURGXFW FDQ EH LQWHJUDWHG LQWR WKH FXUUHQW SURFHVV FDQ EH HDVLO\ DGRSWHG E\ VWDII DQG DUH
FRPSDWLEOHZLWK26+$FRGHVDQGSUHYDLOLQJLQGXVWU\VWDQGDUGV,QDGGLWLRQWKHSURFHVVPXVWEH
SHUIRUPHG LQ D ELRVDIHW\ FDELQHW DQG VKRXOG EH DEOH WR DFFRPPRGDWH DQ\ RWKHU SURFHVVHV
FRQGXFWHG VLPXOWDQHRXVO\ ZKLFK ZHUH ERWK VDWLVILHG GXULQJ SURWRW\SH WHVWLQJ /DVWO\ WKH




2YHUDOO WKH$Y(1*5V KDYH FUHDWHG D VXFFHVVIXOZRUNLQJ SURWRW\SH WR VWUHDPOLQH WKH
&(//YRPDWUL[PDQXIDFWXULQJSURFHVV6LQFHDOORIRXUUHTXLUHPHQWVDQGFRQVWUDLQWVZHUHPHW
WKHUH DUH QR FKDQJHV QHHGHG WR DFKLHYH UHPDLQLQJ JRDOV EXW WKHUH LV DOZD\V URRP IRU WKH
LPSURYHPHQW RI RXU ZRUNLQJ SURWRW\SH $V D UHVXOW RI WKH &29,' SDQGHPLF WKH SURMHFW
UHPDLQVXQILQLVKHGLQWHUPVRISURGXFLQJVHYHUDOSROLVKHGFRSLHVRIHDFKVXEV\VWHP7KHUHIRUH





VXEVWUDWH WKDW UHFUHDWHV WKH FHOO¶V QDWLYH PLFURHQYLURQPHQW 7KH SUREOHP 6WHP%LR6\V KDV
LGHQWLILHGLQYROYHVVWUHDPOLQLQJWKH&(//YRPDQXIDFWXULQJSURFHVVLQRUGHUWRGHFUHDVHFRVWE\
PLQLPL]LQJ)XOO7LPH(TXLYDOHQWV)7(VZLWKRXWVDFULILFLQJSURGXFWLYLW\)7(VDUHWKHKRXUV
ZRUNHG E\ RQH HPSOR\HH RQ D IXOOWLPH EDVLV 7KH JRDO RI WKH VROXWLRQ LV WR RSWLPL]H WKH
PDQXIDFWXULQJSURFHGXUHWKURXJKWKHGHVLJQDQGLPSOHPHQWDWLRQ RIGHYLFHVQRWWRUHSODFHVWHSV




0D\   2XU SURMHFW REMHFWLYH LV WR UHGXFH )7(V ZLWKRXW VDFULILFLQJ SURGXFWLYLW\ RU
UHSODFLQJ VWHSV LQ WKH FXUUHQW SURFHVV2XU IXQFWLRQDO UHTXLUHPHQWV LQFOXGH WKDW WKHPRGLILHG
SURFHVVVKDOOHIIHFWLYHO\ZDVKDZD\DOOGHWHUJHQWZLWKRXWGDPDJLQJWKH&(//YR0DWUL[ZKLFK




DQGSURGXFHDXQLIRUPSURGXFW WKDWFRQVXPHUVFDQWUXVW WRZRUNPD\GHFUHDVHWKHWRWDO WLPH
UHTXLUHGWRFRPSOHWHWKHGHFHOOXODUL]DWLRQSURFHVVVKDOOEHVDIHDQGDOOWRROVRUGHYLFHVXVHGLQ
WKHSURFHVVVKDOOEHDEOHWREHVWHULOL]HG8QLIRUPLW\LVYHULILHGE\HQVXULQJWKHPDWUL[LVQRW
GDPDJHGZKHQ ORRNLQJ XQGHU DPLFURVFRSH ,Q WHUPVRI LQWHUIDFH UHTXLUHPHQWV WKH VROXWLRQ
VKRXOG EH DEOH WR EH LQWHJUDWHG LQWR WKH FXUUHQW SURFHVV VKDOO UHVXOW LQ WKH VDPH SURGXFW RU
VXEVWDQWLDOO\ HTXLYDOHQW VKRXOG EH LQWXLWLYH DQG HDVLO\ DGRSWHG E\ VWDII ZLWK QR SUHH[LVWLQJ
NQRZOHGJHRIRXU VROXWLRQ VKRXOGEHFRPSDWLEOHZLWKSUHYDLOLQJ LQGXVWU\ VWDQGDUGVDQGPD\
DOORZWKHELRVDIHW\FDELQHWWREHXVHGIRURWKHUSURFHVVHVDWDOOWLPHV
7KH PDLQ FRQVWUDLQWV WKDW ZHUH FRQVLGHUHG WKURXJKRXW WKH GHVLJQ SURFHVV SHUWDLQHG WR
VWHULOLW\ VSDFH DYDLODEOH IRU WKH SURFHVV DQGPDLQWDLQLQJ WKH LQWHJULW\ RI WKH&(//YR0DWUL[
















7KH GHVLJQ LV GLYLGHG LQWR WKUHH VXEV\VWHPV WKDW WDFNOH WKH WKUHH PDLQ LVVXHV ZH KDG
LGHQWLILHGODVWVHPHVWHURUJDQL]DWLRQDVSLUDWLRQDQGGLVSHQVLQJ7KHIODVNRUJDQL]HULVFDSDEOHRI
KROGLQJVL[7IODVNVDWRQHWLPHVRWKDWWKH\UHPDLQRUJDQL]HGLQWKHELRVDIHW\FDELQHWDQGWR
PDNH WKH IODVNV HDVLO\ DFFHVVLEOH WR DVSLUDWH IURP DQG GLVSHQVH LQWR2UJDQL]LQJ WKH ELRVDIHW\










XQLIRUPLW\ RI WKH SURGXFW DQG WR WKH IXQFWLRQDO UHTXLUHPHQW RI HIIHFWLYHO\ ZDVKLQJ DZD\ DOO
GHWHUJHQW0RUHRYHUWKHOLTXLGQHWZRUNFDQUDQJHIURPWKHXVHRIRQHWRWKUHHIUDPHVPDNLQJLW
YHUVDWLOHSRUWDEOHDQGVFDODEOHWRWKHVL]HRIWKHPDQXIDFWXULQJUXQ7KHFKRVHQGLPHQVLRQVDQG
PDWHULDO RI HDFK VXEV\VWHPDGGUHVV WKH VWHULOLW\ DQG VL]H FRQVWUDLQWV DVZHOO DV WKH VDIHW\ DQG
LQWHUIDFHUHTXLUHPHQWV
7KH$Y(1*5VDOVRGHYHORSHGDVVXPSWLRQVUHODWHGWRWKHSURMHFWVFRSHLQRUGHUWRVDWLVI\
SURMHFW UHTXLUHPHQWV DQG WKH RYHUDOO SURMHFW REMHFWLYH )RU H[DPSOH ZH DVVXPHG WKH ODE
WHFKQLFLDQVXWLOL]LQJWKHQHZGHYLFHVDUHIDPLOLDUZLWKVWDQGDUGVWHULOHWHFKQLTXHVDQGZLOOKDYH
DFFHVV WR WKH DSSURSULDWH WRROV DQG LQGXVWU\ VWDQGDUG FHOO FXOWXUHPDWHULDOV7KLV DVVXPSWLRQ LV
EDVHGRQ6WHP%LR6\VEHLQJDVPDOOELRWHFKQRORJ\FRPSDQ\ZLWKDODERUDWRU\HQYLURQPHQWWKDWLV
HTXLSSHG ZLWK VWDQGDUG FHOO FXOWXUH HTXLSPHQW DQG VWDII WKDW URXWLQHO\ UXQ H[SHULPHQWV DQG
PDQXIDFWXUH FHOOGHULYHG UHVHDUFK SURGXFWV ,Q DGGLWLRQ SHU 6WHP%LR6\V¶ VWDQGDUG RSHUDWLQJ
SURFHGXUHV WKH FXUUHQW SURFHVVHV EHLQJ XWLOL]HG UHVXOW LQ VRPH GHJUHH RI YDULDELOLW\ LQ IOXLG
YROXPHVDGGHGDQGUHPRYHG7KHUHIRUHZHDUHDVVXPLQJYDULDELOLW\ZLWKLQLVDFFHSWDEOH






2XU FKRLFH WR GHVLJQ WKUHH VHSDUDWH EXW FRPSDWLEOH VXEV\VWHPV ZDV VXSSRUWHG E\ RXU
HYDOXDWLRQRIH[LVWLQJFHOOFXOWXUHWHFKQRORJ\WKHFXUUHQWFHOOFXOWXUHWHFKQLTXHVDQGHTXLSPHQW
XWLOL]HG E\ 6WHP%LR6\V DQG WKH FRPSDQ\¶V GHVLUH WR VWUHDPOLQH WKHLU FXUUHQW SURFHVV 7KH
0XOWL)OR);IURP%LRWHN LVDQDXWRPDWHGPXOWLPRGH UHDJHQWGLVSHQVHU WKDW6WHP%LR6\VXVHV
ZKHQZRUNLQJZLWKPLFURSODWHV>@7KLVV\VWHPLVDEOHWRDOWHUQDWHEHWZHHQDVSLUDWLQJUHDJHQWV
IURPDQGGLVSHQVLQJQHZUHDJHQWVLQWRWKHZHOOVRIWRZHOOPLFURSODWHVDQGGRHVVRZLWKRXW







VLPLODUZD\ WR WKH%LR6WDFN E\ NHHSLQJ VWDFNV RI FHOO FXOWXUH IODVNV RUJDQL]HG WKURXJKRXW WKH
GHFHOOXODUL]DWLRQSURFHVV2QHDVSHFWRIWKH0XOWL)OR);WKDWSOD\HGLQWRRXUGHVLJQRIWKHOLTXLG
QHWZRUNZDVWKHXVHRIVHSDUDWHGLVSHQVLQJPDQLIROGVIRUGLIIHUHQWUHDJHQWVVRWKH\GRQRWPL[DW
DQ\ SRLQW$VSLUDWLQJ DQG GLVSHQVLQJ PDQLIROGV IRU WKH0XOWL)OR); DUH DOVR NHSW DV VHSDUDWH
HQWLWLHVZKLFKIXUWKHULQIOXHQFHGRXUGHFLVLRQWRFUHDWHWKUHHVHSDUDWHVXEV\VWHPVUDWKHUWKDQRQH










































OLVWRI VXEV\VWHPV7KLVGHYLFHZDV LQWHQGHG WRDOORZ WKHXVHU WRDVSLUDWH IURPPXOWLSOHIODVNV





























VXSSRUW )LJXUH  1R DGGLWLRQDO UHTXLUHPHQWV RU FRQVWUDLQWV RWKHU WKDQ WKRVH OLVWHG IRU WKH























WR WKHGHVLJQRI WKH OLTXLGQHWZRUNVXEV\VWHP LQFOXGHGHIIHFWLYHO\ZDVKLQJDZD\DOOGHWHUJHQW
ZLWKRXWGDPDJLQJ WKHPDWUL[FUHDWLQJD V\VWHP WKDW LVYHUVDWLOHDQGSRUWDEOHDQGSURGXFLQJD
XQLIRUPSURGXFW
7KH SULPDU\ FKDQJHPDGH WR WKH OLTXLG QHWZRUN VLQFH WKH 3'5 LV WKDW LW LV QR ORQJHU




VLQFH WKH 3'5 WR FRQIRUP WR6WHP%LR6\V¶ VWDQGDUG RSHUDWLQJ SURFHGXUHV$GMXVWPHQWV WR WKH
GLPHQVLRQVRIWKHOLTXLGQHWZRUNZHUHPDGHEHWZHHQWKHFRQVWUXFWLRQRIWKHDOSKDSURWRW\SHDQG
WKHGHVLJQRIWKHEHWDSURWRW\SHLQRUGHUWRLQFUHDVHVWDELOLW\$UHPDLQLQJGHVLJQFKDQJHWKDWZDV
QRW DEOH WR EH DGGUHVVHG GXH WR WKH FKDQJH WR UHPRWH OHDUQLQJ ZDV DGDSWLQJ WKH GLVSHQVLQJ







8QLYHUVLW\0DNHUVSDFH7KHJDPPDSURWRW\SHRI WKH IODVNRUJDQL]HUDQGEHWDSURWRW\SHRI WKH
JXLGH ZHUH SULQWHG XVLQJ D 6WUDWDV\V )RUWXV  ' SULQWHU DQG $%6 SODVWLF ILODPHQW 7KHVH
SURWRW\SHV DQG WKH ILQDO )XVLRQ  &$' ILOHV DUH LQFOXGHG LQ RXU ILQDO GHOLYHUDEOHV WR







$ VXPPDU\ RI WKH TXRWHV ZH UHFHLYHG IURP FXVWRP ' SULQWLQJ FRPSDQLHV VXFK DV
6WUDWDV\VDQG)RUHFDVW'LV LQFOXGHGLQ$SSHQGL[,I6WHP%LR6\VGHFLGHVWRSURFHHGZLWK
PDQXIDFWXULQJ D ODUJHU TXDQWLW\ RI WKH IODVN RUJDQL]HU DQG JXLGH VXEV\VWHPV WKH LQIRUPDWLRQ
SURYLGHGLQ7DEOHFDQKHOSGHFLGHZKLFKURXWHLVLQWKHEHVWLQWHUHVWRIWKHFRPSDQ\)RUD
PDQXIDFWXULQJUXQRIIODVNVURXJKO\IODVNRUJDQL]HUVDQGRQHWRWKUHHJXLGHVZRXOGEH





ODUJH IRUFHVSUHVVXUHV RU H[WUHPH WHPSHUDWXUHV 7KH SUHIHUUHG PHWKRG IRU VWHULOL]LQJ HDFK




































































































































7DEOH  GLVSOD\V WKH UHVXOWV IURP WHVWLQJ WKH FRPSDWLELOLW\ RI WKH IODVN RUJDQL]HU DQG JXLGH
VXEV\VWHPVGXULQJWKHDVSLUDWLRQVWDJH,QWHUPVRIFRPSDWLELOLW\KDOIRIWKHDFFHSWDQFHFULWHULD
ZDV PHW LQ WKDW WKH PDWUL[ ZDV QRW VFUDWFKHG GXULQJ DVSLUDWLRQ EXW WKH OLTXLG GLG QRW IDOO
VSHFLILFDOO\LQWKHEDFNOHIWFRUQHU
(YDOXDWLRQ
$IWHUHYDOXDWLQJ WKHILOP WKH$Y(1*5VFDQFRQILUP WKDW WKHPDWUL[ZDVQRW VFUDWFKHGGXULQJ
DVSLUDWLRQWKHUHIRUHWKLVWHVWHQVXUHVWKDWWKHPDWUL[ZRXOGQRWEHGLVUXSWHGZLWKWKHXVHRIWKHVH
WZRVXEV\VWHPV VDWLVI\LQJWKLVUHTXLUHPHQW(YHQWKRXJKWKHOLTXLGGLGQRWIDOOLQWKHEDFNOHIW







GRHV QRW KLQGHU WKH IXQFWLRQDOLW\ RI WKH VXEV\VWHPV LW FRXOG EH DGGUHVVHG ZKHQ GHVLJQLQJ D
JDPPDSURWRW\SHRIWKHJXLGHDQGFRXOGDOVRSRWHQWLDOO\EHUHVROYHGE\HOHYDWLQJRQHVLGH
5HPDLQZLWKLQDEXGJHW
























































           
            
            
            
            
7KH ILOP UHFRUGHGZDV HYDOXDWHG WR HQVXUH WKH OLTXLG GLG QRW GLUHFWO\ KLW WKH VLGH RI WKH IODVN
FRQWDLQLQJWKHPDWUL[$IWHUUHYLHZLQJWKHILOPZHFRQILUPHGWKDWWKHPDWUL[ZDVQRWSHQHWUDWHG
E\WKHOLTXLGGXULQJWKHGLVSHQVLQJSURFHVV,QDGGLWLRQ7DEOHGLVSOD\VWKDWWKHOLTXLGQHWZRUN
GLVSHQVHG WKH VDPH DPRXQW RI OLTXLG UHTXLUHG DFFRUGLQJ WR 6WHP%LR6\V¶ VWDQGDUG RSHUDWLQJ




















VWDUWLQJ IURPVL[ IODVNV WRKRZHYHUPDQ\ IODVNV ILW LQ WKHDYDLODEOHRUJDQL]HUV ,QDGGLWLRQZH
GHVLJQHG WKH OLTXLG QHWZRUN WR XVH D / ERWWOH ZKLFK SURYLGHV WKH XVHU ZLWK UHDJHQWV IRU D
PD[LPXPUXQZLWKPLQLPDOUHSODFHPHQWV6LQFHWKHERWWOHLVGHVLJQHGIRUODUJHUUXQVWKHYROXPH
RI UHDJHQWV DGGHG FDQ HDVLO\ EH VFDOHGGRZQ WR DFFRPPRGDWH VPDOOHU UXQVZKLFKZRXOG DOVR
















































































ZH GHHP RXU UHVXOWV UHOLDEOH DQG WKH UHTXLUHPHQW WR SURGXFH D XQLIRUP SURGXFW LV VDWLVILHG












WKH IODVN RUJDQL]HU DQG WR GHPRQVWUDWH WKDW ZH FDQ VDYH 6WHP%LR6\V WLPH HYHQ ZLWKRXW



















































    
    
    
    
$YHUDJH    


















    
7DEOHGLVSOD\VRXUUHVXOWVIURPWKHSDLUHGWZRVDPSOHWWHVWZHFRQGXFWHGXVLQJDQDOSKDYDOXH








DQG WKH WYDOXH LV JUHDWHU WKDQ WKH FULWLFDO WYDOXHZH FDQ IXOO\ UHMHFW WKH QXOO K\SRWKHVLV DQG
FRQILUPWKDWWKHXVHRIWKHIODVNRUJDQL]HUVLJQLILFDQWO\LPSDFWVWKHDVSLUDWLRQWLPH$VDUHVXOW
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DGGLWLRQ RXU WYDOXH ZDV  ZKLFK LV PXFK KLJKHU WKDQ  VXJJHVWLQJ WR UHMHFW WKH QXOO
K\SRWKHVLVRIQRGLIIHUHQFHEHWZHHQWKHWZRWHVWV7KHUHIRUHWKHXVHRIDOOWKUHHVXEV\VWHPVKDV























RI WKH GHFHOOXODUL]DWLRQ SURFHVV IRXQG LQ $SSHQGL[  VR WKDW WKH SURGXFW LV VXEVWDQWLDOO\
HTXLYDOHQWWRWKDWRIWKHFXUUHQWSURFHVV
(YDOXDWLRQ
7KLV UHTXLUHPHQW ZDV PHW GXULQJ WKH FRQVWUXFWLRQ DQG GHVLJQ SKDVHV RI RXU VROXWLRQ DV HDFK
VXEV\VWHP ZDV FUHDWHG WR PDLQWDLQ WKH IRXQGDWLRQ RI 6WHP%LR6\V¶ GHFHOOXODUL]DWLRQ SURFHVV





7KH VROXWLRQ VKRXOG QRW EH WRR FRPSOLFDWHG WKDW WKH ODE WHFKQLFLDQV FDQQRW GHWHUPLQH KRZ WR
DVVHPEOHLWRULPSOHPHQWWKHVXEV\VWHPVLQWKHFXUUHQWSURFHVV
(YDOXDWLRQ























7KLV UHTXLUHPHQWZDV VDWLVILHG GXULQJ RXU WHVWLQJ WR GHWHUPLQH LI WKH GHFHOOXODUL]DWLRQ SURFHVV
FRXOGVXFFHVVIXOO\EHFRPSOHWHGZLWKLQWKHFRQVWUDLQWVRIWKHELRVDIHW\FDELQHWVHHQLQ6HFWLRQ 
7KH FDELQHW ZH XVHG IRU WHVWLQJ ZDV KRXVLQJ RWKHU H[SHULPHQWV DQG HTXLSPHQW XVHG E\ WKH















PLQXWHV &RQFHUQLQJ )7(V WKLV GHFUHDVH LQ WLPH ZRXOG UHGXFH WKH FRVW RI KDYLQJ RQH ODE

WHFKQLFLDQ SHUIRUP WKH SURFHVV E\ DERXW RQH KRXU¶V ZRUWK RI SD\ 7KH DPRXQW RI WLPH VSHQW




8VLQJ WKH GDWD LQ7DEOH  WR H[WUDSRODWH IRU DPDQXIDFWXULQJ UXQ RI  IODVNV WKH WRWDO WLPH
UHTXLUHGZKHQXVLQJWKHWKUHHVXEV\VWHPVLVKRXUVDQGPLQXWHVDQGZLWKRXWLVKRXUVDQG
PLQXWHV ,Q WKLV FDVH WKH XVH RI WKH WKUHH VXEV\VWHPV GHFUHDVHV WKH RYHUDOO WLPH IRU WKH
GHFHOOXODUL]DWLRQSURFHVVE\DSSUR[LPDWHO\KRXUVDQGPLQXWHV&RQFHUQLQJ)7(VWKLVUHGXFHV
WKH FRVW RI KDYLQJ RQH ODE WHFKQLFLDQ SHUIRUP WKH SURFHVV E\ QHDUO\  KRXU¶VZRUWK RI SD\ ,I
6WHP%LR6\VPDQXIDFWXUHVRQHUXQRIIODVNVSHUZHHN WKHWRWDO WLPHVDYLQJVGXULQJD\HDU
ZRXOGEHKRXUVDQGPLQXWHV IRUD WRWDORI LQ ODERU VDYLQJV LIRQO\RQHSHUVRQ
SHUIRUPHG HDFK UXQ  )RU DSSUR[LPDWHO\ WKH VDPH FRVW LQ )7(V WKH DPRXQW RI WLPH VSHQW
SHUIRUPLQJ WKH SURFHVV FRXOG EH GUDPDWLFDOO\ UHGXFHG E\ KDYLQJ WZR ODE WHFKQLFLDQVZRUNLQJ
VLPXOWDQHRXVO\ 7KHUHIRUH WKH WLPH VDYLQJVPD\ DOORZ 6WHP%LR6\V WR UHGHSOR\ HPSOR\HHV WR
RWKHUFRPSDQ\SULRULWLHV2YHUDOOWKHXVHRIDOOWKUHHVXEV\VWHPVLVKLJKO\VXFFHVVIXOVDWLVILHVWKH










SURFHVV HIIHFWLYHO\ ZDVK DZD\ DOO GHWHUJHQW ZLWKRXW GDPDJLQJ WKH &(//YR 0DWUL[ DQG EH
RSWLPL]HGIRUWKHVL]H7FHOOFXOWXUHIODVNDQGWKDWWKHILQDOGHVLJQEHUHSURGXFLEOHSURGXFHD
















WKH OLTXLG QHWZRUN FDQ YDU\ IURP RQH WR WKUHH IUDPHV GHSHQGLQJ RQ WKH VL]H RI UXQ RU VSDFH
DYDLODEOH LQ WKH ELRVDIHW\ FDELQHW ,Q DGGLWLRQ SURWRW\SH WHVWVZHUH FRQGXFWHG LQ WZRGLIIHUHQW
ELRVDIHW\FDELQHWVVKRZFDVLQJWKHSRUWDELOLW\RIRXUVROXWLRQ(DFKGHYLFHZDVGHVLJQHGZLWKWKH
LQWHQWWRVWUHDPOLQHWKHPDQXIDFWXULQJSURFHVVQRWDOWHULWVIRXQGDWLRQ7KHUHIRUHWKHVROXWLRQZDV
GHVLJQHG WR EH LQWHJUDWHG LQWR WKH FXUUHQW SURFHVV ,Q DGGLWLRQ VLQFH WKH FXUUHQW SURFHVV LV
FRPSDWLEOHZLWKSUHYDLOLQJLQGXVWU\VWDQGDUGVDQGZHGLGQRWDOWHUWKHJURXQGZRUNRIWKHSURFHVV
RXUGHYLFHVUHPDLQFRPSDWLEOHZLWKLQGXVWU\VWDQGDUGV/DVWO\ZHSURYLGHG6WHP%LR6\VZLWKDQ




WLPH VDYLQJV WHVWV SURGXFHG UHVXOWV YDU\LQJ IURPD  WR  WLPH UHGXFWLRQ VDWLVI\LQJ WKLV
UHTXLUHPHQW,QDGGLWLRQDOOSURWRW\SHWHVWVZHUHFRQGXFWHGLQELRVDIHW\FDELQHWVWKDWZHUHILOOHG
ZLWKRWKHULWHPVDQGZHZHUHVWLOODEOHWRFRPSOHWHWKHGHFHOOXODUL]DWLRQSURFHVV7KHUHIRUHWKH
LPSOHPHQWDWLRQ RI RXU GHYLFHV DOORZHG IRU SURFHVVHV WR EH FRQGXFWHG VLPXOWDQHRXVO\ LQ WKH
ELRVDIHW\FDELQHW









,IDJDPPDSURWRW\SHRI WKHJXLGHZHUH WREHSURGXFHGZH UHFRPPHQG LQFUHDVLQJ WKH
KHLJKWRIWKHULJKWVLGHRIWKHJXLGHWRGUDZOLTXLGVSHFLILFDOO\LQWRWKHEDFNOHIWFRUQHUDOORZLQJ
IRU JUHDWHU FRQVLVWHQF\ GXULQJ DVSLUDWLRQ ,Q WHUPV RI QH[W VWHSV IRU PDQXIDFWXULQJ WKH IODVN
RUJDQL]HUDQGJXLGHWKH$Y(1*5VUHFRPPHQGFRQVXOWLQJZLWK;RPHWU\IRUWKHSURGXFWLRQRI
IODVNRUJDQL]HUVPDGHRI$%6SODVWLFIRUDWRWDORI )RUWKHSURGXFWLRQRIWKUHHJXLGHVPDGH
RI $6$ SODVWLF RXU UHFRPPHQGDWLRQ LV WR SXUFKDVH IURP 6WUDWDV\V IRU D WRWDO RI  3HU


















FRXOG EH DGYDQWDJHRXV LQ WKDW XQIRUHVHHQ SLWIDOOV FRXOG EH GLVFRYHUHG DQG LPSURYHG EXW







VDYLQJV,I6WHP%LR6\VILQGVWKDW WKLV LVQRW WKHFDVH WKH\PD\FRQVLGHUSHUIRUPLQJDGGLWLRQDO
WHVWV WRHQVXUHWKDWVXEVWDQWLDOWLPHVDYLQJVDUHVWLOODFKLHYHGUHODWLYHWRSHUIRUPLQJWKHSURFHVV





RQO\ WKH IODVN RUJDQL]HUZRXOG QHHG WR EH UHGHVLJQHG LQ WKH SURYLGHG&$' ILOH WRPRGLI\ WKH
GLPHQVLRQVWRILWWKHKHLJKWZLGWKDQGOHQJWKRIWKHQHZIODVNV
6SHFLILFSLWIDOOV WKDWPD\DULVHIURPWKHOLTXLGQHWZRUNEHWDSURWRW\SHLQFOXGHD ODFNRI







































































































1XPEHURI)ODVNV6L]HRI5XQ   
1XPEHURI)ODVN2UJDQL]HUV   
7RWDO3%6>/@   
1XPEHURI%RWWOHV3%6   
7RWDO'HWHUJHQW>/@   
1XPEHURI%RWWOHV'HWHUJHQW   
7RWDO',:DWHU>/@   






































































































































































































































WLPH GLIIHUHQFH EHWZHHQ SHUIRUPLQJ WKH SURFHVV ZLWK DQG ZLWKRXW WKH VXEV\VWHPV ZLOO EH
FRPSXWHG7KLV WHVW FDQEHUHSHDWHGZLWK WZRSHRSOHSHUIRUPLQJ WKHGLVSHQVLQJDQGDVSLUDWLQJ
VWHSVFRQFXUUHQWO\
2EMHFWLYHV

































































































7KLV WHVWZLOO HYDOXDWH WKH YHUVDWLOLW\PRELOLW\ DQG WLPH FRVW RI WKH OLTXLG QHWZRUN GXULQJ WKH
DVVHPEO\DQGGLVDVVHPEO\RIWKHVXEV\VWHP7KHRSHUDWRUPD\FKRRVHWRDVVHPEOHRQHWZRRU































7KH WLPH UHTXLUHG IRU WKH DVVHPEO\ DQG GLVDVVHPEO\ RI WKH OLTXLG QHWZRUNZLOO EH FRQVLGHUHG
DFFHSWDEOHLIWKHUHLVVWLOOVXEVWDQWLDOWLPHVDYLQJVRQFHWKLVLVVXEWUDFWHGIURPWKHWRWDOWLPHVDYLQJV










































































&RPSDQ\ 4XDQWLW\ 0DWHULDO 8QLW&RVW &RVW
)RUHFDVW'  8/7(0  
6WUDWDV\V  $6$6ROLG  
6WUDWDV\V  $6$6SDUVH  
6WUDWDV\V  'LJLWDO$%6  
;RPHWU\  $%6  

7DEOH&RVW(VWLPDWHV *XLGH
&RPSDQ\ 4XDQWLW\ 0DWHULDO 8QLW&RVW &RVW
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 
$%63ODVWLF
$%63ODVWLFLVYHU\VWXUG\LQH[SHQVLYHDQGKROGVXSZHOOZLWKH[WHUQDOLPSDFWV7KLVLVD
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UHOLDELOLW\
$6$3ODVWLF





7KLV VWURQJ OLJKWZHLJKW DQG IODPHUHWDUGDQW WKHUPRSODVWLF LV RQH RI WKH VXSHULRU







































Project Name:  CELLvo Matrix Manufacturing Improvement  
The undersigned have reviewed and approved the final version of this document. 
  Date Received Date Approved 
Team Members: 





 04/30/2020  05/05/2020 
Team Adviser:   
 
 04/30/2020   
 
5/6/20
